Abstract: Organophosphorus (OP) 
I. Introduction
The generic term -organophosphorus‖ or -OP‖ is used for a wide variety of chemicals that are derived from phosphoric, phosphonic and phosphinic acids [1] .OP compounds have been used as pesticides and developed as chemical warfare nerve agents. They can be efficiently absorbed by inhalation, ingestion and skin penetration [2] . OP compounds are prevalent worldwide in the agriculture as well as in the household gardens. Their easy availability combined with their sale over the counter has resulted in a gradual increase in poisoning with these agents [3] . Poisoning with OP compounds is important global health problem, and is possibly the most common acute poisoning in the developing countries [4, 5] . More than 100 different OP compounds have been synthesized. The most well-known are malathion, parathion, fenthion, diazinon, dimethoate, chlorpyrifos, paraoxon and soman [6] .
OP insecticides are irreversible inhibitors of carboxylic ester hydrolases, including acetylcholinesterase (AChE), erythrocyte cholinesterase (EChE), plasma or butyrylcholinesterase (BChE) and other nonspecific proteases. The primary toxicity from these compounds is derived from excessive stimulation of muscarinic and nicotinic cholinergic receptors by the accumulated acetylcholine in the central and autonomic nervous systems as well as at skeletal neuromuscular junctions [7] . Furthermore, OP insecticides increase reactive oxygen species level which results in oxidative stress that contributes to cell membrane lipid peroxidation, DNA damage and cell death [8, 9] . Medical students are often taught to associate OP poisoning with the acronym SLUDGE-salivation, lacrimation, urination, defecation, gastrointestinal distress, and emesis. Unfortunately these are all fairly generic symptoms that would not prompt an emergency caregiver to consider OP poisoning unless the medical history suggested OP exposure [10, 11] .
Laboratory evidence of OP poisoning is usually confirmed by measuring the decreases in the BChE and EChE activities. However, because of wide inter-individual variability, significant depression of the enzyme cholinesterase activity may occur but still fall within the "normal" range [12] . Also, estimation of either serum EChE or BChE levels is costly and not regularly performed in most laboratories [13] .
There are emerging options for new cheaper and/or easily quantifiable biochemical markers in relation to OP poisoning like creatine phosphokinase (CPK), lactate dehydrogenase (LDH) and serum immunoglobulins (IgG, IgA). But immunoglobulin assays, apart from being costly and difficult to perform in most laboratories, are often unreliable [14] .
Several animal model studies proposed that serum level of CPK is often found to be elevated in OP poisoning, and it may be used as a biomarker [15] . Therefore, this study was conducted to assess the correlation between serum CPK levels and the severity of acute OP poisoning, to see if serum CPK level can be used as an alternative of BChE level to stratify OP poisoning severity.
II.
Patients And Methods
PATIENTS
This is a prospective clinical study that was carried out on patients with acute organophosphorus (OP) poisoning of both sexes and of different age groups, who were admitted to Benha poisoning control unit (BPCU), Benha university hospitals, Egypt, during the period from 1 st October 2012 to 31 st March 2013. Only symptomatic patients within 6 hours of exposure to OP and without prior treatment were included in the study after taking their informed consent. The study was approved by Institutional ethical committee. Patients with history of any diseases or conditions that may alter results of laboratory investigations (CPK level) like, myopathy, chronic renal disease, epilepsy, known psychiatric illness, recent intramuscular injections, myocardial infarction, myocarditis, trauma, malignancy or overwhelming sepsis….etc., were excluded from the study.
Diagnosis of acute OP poisoning was based on; a) history of intake or exposure to OP, combined with complaint of the characteristic symptoms of cholinergic toxidrome, b) physical examination to detect characteristic signs of cholinergic toxidrome, c) laboratory assessment of butyrylcholinesterase (BChE) level. Clinical severity was categorized according to Peradeniya organophosphorus poisoning (POP) scale, as illustrated in Table (1) [16] . Patients were treated with intravenous bolus of atropine (1-5 mg for adults, and 0.05 mg/kg for children), repeated doses of 1-2 mg infusion every 5-10 minutes, until dryness of chest secretions or atropinization occur; obidoxime "toxogonin" (initial dose in adults: 250 mg, in children 4-8 mg/kg), then continuous infusion at a dose of 750 mg/24 hours in adult and in children at a dose of 10 mg/kg daily. This was done after initial stabilization of patient and concomitant with proper decontamination. Intramuscular injections were avoided during treatment.
METHODS
A valid consent was taken from each patient for obtaining medical history, clinical examination and for the permission to take blood samples for laboratory investigations. Serum CPK was re-evaluated just before discharging patients after completing the treatment course or after completion of 1 week, whichever was earlier.
Demographic data
-
The blood pH was measured spectrophotometrically by EliTech IRMA truPoint blood gas analyzer (UK). Reference value (7.35-7.45) at 37 °C [19] . All results obtained from patients were registered in special sheets of study, which were confidential.
STATISTICAL ANALYSIS OF THE DATA
The collected data were organized, tabulated and analyzed using SPSS version 16 software (SpssInc, Chicago, ILL Company). Categorical data were presented as number and percentages while quantitative data were expressed as mean and standard deviation. ANOVA (F) test, Paired -t‖ test and Spearman's correlation coefficient (rho) were used as tests of significance. ROC curve was used to compare the accuracy of initial CPK levels and BChE levels in diagnosis of acute OP poisoning. The accepted level of significance in this work was stated at 0.05, (P <0.05 was considered significant) [20] .
III. Results

DEMOGRAPHIC RESULTS:
Out of 60 patients enrolled in the study, 29 (48.3%) were males and 31 (51.7%) were females. They were aged from 2 to 53 years. Thirty two (53.3%) came from rural areas, whereas 28 (46.7%) from urban areas. Regarding occupation, 22 (36.7%) were students, 14 (23.3%) housewives and 13 (21.7%) farmers, as shown in Fig. (1) . The most common route of exposure was oral route (73.3%), the most common manner of poisoning was suicidal manner (56.7%), and the commonest OP compound was malathion (46.7%), as shown in Fig. (2) . 
CLINICAL RESULTS:
Most of patients manifested with vomiting and abdominal pain (56=93.3%), followed by meiosis (51=85%), sweating (43=71.7%), bradycardia (42=70%), salivation (33=55%), as shown in Fig. (3) . Out of 60 patients, 31 (51.7%) were mild according to the POP scale, twenty (33.3%) were moderate and 9 (15%) were severe, as shown in Fig. (4) . Glasgow coma scale (GCS), total dose of atropine (mg) and total dose of obidoxime (g) were calculated in relation to the POP scale. The study showed that as the POP scale increases the GCS deceases; whereas the total dose of atropine (mg) and total dose of obidoxime (g) increase. These findings were found to be statistically highly significant (p<0.001), as shown in Table ( 2). The majority of patients (42=70%) had full improvement outcome without complications, 16 (26.7%) encountered complications like metabolic acidosis, seizures and coma. The mortality rate was 3.3%, as only two patients died. The mechanisms of death were respiratory failure, acidosis and post-anoxic encephalopathy; their initial CPK levels were high.
BIOCHEMICAL RESULTS:
The BChE levels (IU/L); initial serum CPK levels (IU/L) and pH values were calculated on admission and in relation to the POP scale. The study showed that as the POP scale increases serum CPK levels increase; meanwhile BChE levels and pH decease. These findings were statistically highly significant (p <0.001), as shown in Table ( 2).
There was a high degree of correlation between the initial serum CPK level and the severity of acute OP poisoning; as illustrated by the positive correlation with (POP scale and total dose of atropine "mg" and obidoxime "g") and the negative correlation with (GCS, serum BChE and pH). These correlations were found to be statistically highly significant (P < 0.001), as shown in Table ( 3) and Fig. (5-10) . The final serum CPK levels were estimated for 59 patients just before discharging, or after completion of 1 week, whichever was earlier. One patient died on the 2 nd day of admission at the intensive care unit during the course of therapy and before completing one week. The final CPK levels were put in comparison with the initial CPK levels, and the study showed that there was a reduction in final CPK levels with treatment in mild and moderate cases, which was statistically highly significant (p < 0.001); meanwhile the changes among the severe cases were non-significant (p > 0.05). This was probably due to the widespread of complications that occurred along the course of therapy among patients in the latter group, as shown in Table (4) . The final CPK levels of some patients showed some unexpected results, mainly due to development of complications, as 2 mild cases showed final CPK levels (315 IU/L and 279 IU/L respectively), while their initial CPK levels were (195 IU/L and 170 IU/L respectively); the first patient developed an attack of convulsion and the second developed metabolic acidosis during the course of therapy. Another male patient with moderate poisoning had a final CPK level of 560 IU/L, (initial level was 213 IU/L), he developed several attacks of agitations followed by an attack of convulsion combined with altered mental status, and all of these patients were managed successfully with complete recovery. Receiver operator characteristic (ROC) curve was done to assess if the initial serum CPK level can be used as an alternative biomarker for BChE level in diagnosis of acute OP poisoning. The present study found that the initial serum CPK level is comparable for BChE level and can be used as an alternative biomarker in diagnosis of acute OP poisoning, provided that exclusion of any other diseases or conditions that may cause rise in CPK levels, these results were statistically significant (p < 0.05), as illustrated in Table (5) and Fig. (11 & 12) . 
IV. Discussion
Organophosphorus (OP) compounds are among the most commonly used pesticides in agriculture. Because of their wide use and easy accessibility, OP toxicity is important global health problem especially in many developing countries [21, 22] . Every year, hundreds of thousands of deaths occur worldwide due to poisoning with OP compounds [23] .
Inhibition of acetylcholinesterase is regarded as the major toxic mechanism of OP, which leads to excess stimulation of muscarinic and nicotinic receptors. The typical clinical picture of cholinergic crisis develops fast, being the basis for clinical diagnosis, which is confirmed by the history and demonstration of cholinesterase inhibition [24] . Despite the benefits of acetylcholinesterase monitoring, this test is not available in most parts of the developing world in which there is a high caseload of OP poisoning [25] . The present study showed that out of 60 patients, 48.3% were males and 51.7% were females. They were aged from 2 to 53 years, 53.3% came from rural areas, whereas 46.7% from urban areas. Regarding occupation, 36.7% were students, 23.3% housewives and 21.7% farmers. The most common route of exposure was oral route (73.3%), the most common manner of poisoning was suicidal manner (56.7%), and the commonest OP compound was Malathion (46.7%).
Weissmann-Brenner et al [26] Reported that 66% of patients with OP poisonings were males and 34% were females, 39% were less than 10 years old, 64% of exposure was accidental, 36% was suicidal and the most common route of intoxication was oral (67%).
The present study illustrated that most of patients manifested with vomiting and abdominal pain (93.3%), followed by meiosis (85%), sweating (71.7%), bradycardia (70%) and salivation (55%). Researchers [27] in their study on OP intoxicated patients reported that the most frequent clinical signs were bronchial hypersecretion (52%), tachycardia (47%), meiosis (45%), salivation (41%), and bradycardia (31%). Because an increase of serum CPK concentration always reflects injury to a tissue of high CPK activity, CPK measurements are particularly useful in the diagnosis of many medical conditions like acute myocardial and acute skeletal muscle injuries [28] . Traditional theories relate this CPKemia to agitation, hyperactivity and drugs (i.e. rhabdomyolysis and muscle necrosis) [29] .
The present study showed that there was a high degree of correlation between the initial serum CPK levels and the severity of acute OP poisoning; as illustrated by the positive correlation of initial serum CPK level with (POP scale and total dose of atropine in "mg" and obidoxime in "g") and the negative correlation of initial serum CPK with (GCS, BChE levels and pH). These correlations were found to be statistically highly significant (P < 0.001). These results are in agreement with Bhattacharyya et al [14] who confirmed the presence of a high degree of correlation between initial CPK value and POP scale, serum EChE levels, arterial pH values and total dose of atropine in acute OP poisoning.
Muscle fiber necrosis and consequently raised CPK levels occur in severely acute OP poisoned cases [30, 31] . So, cheaper, easily quantifiable and more available biochemical markers in relation to OP poisoning like serum CPK can be used in predicting as well as assessing the prognosis of patients with OP poisoning [14] . The severity of OP poisoning in this study ranged from mild, moderate and severe; most of cases were presented with mild OP toxicity. Authors [16] Illustrated that the POP scale can efficiently predict the severity of OP poisoned patients. Meanwhile, authors [32] stated that POP scale uses high respiratory rate and cyanosis, and this approach is likely to be misleading in severe OP poisoning as patients may have either a reduced respiratory rate or tachypnea. Geller et al [33] highlighted that the total amount of atropine is correlated with severity of OP poisoning, as severely poisoned patients require very large doses (up to 100 mg over a few hours) of atropine determined by chemical titration and control of muscarinic symptoms. Researchers [27, 34] reported that there was a significant negative linear correlation between the GCS scores and severity of OP intoxication. Aygun et al [35] illustrated that physicians usually request the BChE activity level to confirm the diagnosis of symptomatic patients with OP poisoning, to classify the severity, and to aid management follow up [36, 37] highlighted the benefits of measuring the BChE activity levels in predicting successful weaning of patient from mechanical ventilation in severe OP poisoning as well as in improving the outcome. On the other hand, authors [38] stated that BChE measurement on admission has been used to stratify OP poisoning severity. However, it may not be helpful since different OP compounds inhibit BChE to differing degrees compared to their inhibition of the clinically important AChE. BChE activity therefore does not always reflect severity and it must be interpreted carefully. Acidosis is a major predisposing factor that influences the severity of poisoning and outcome of patients with acute OP poisoning [39] . Liu et al [5] detected that the acid-base interpretation (on arrival) was well correlated with the severity and mortality of acute OP poisoning i.e. the mortality rate was lowest in the group of patients without acidosis and highest in the group with acidosis (metabolic or respiratory). Acidosis itself can cause modest elevations in CPK levels in blood, which implies that CPK can be falsely high in case of acidosis [40] . However because acidosis is a relatively common complication in acute OP poisoning and can occur due to either hypoventilation (respiratory acidosis) or hypotension (metabolic acidosis), CPK levels were also correlated with the degree of acidosis along with severity of acute OP poisoning [41, 42] . Three types of muscle injuries (paralysis) are noticed in OP poisoning. Type I is due to continued depolarization at neuro-muscular junction, type II due to intermediate syndrome and type III due to delayed polyneuropathy [43, 44] .
In the present work, the elevated serum CPK levels were confirmed during the acute stage of toxicity i.e. all cases presented within 6 hours of exposure to OP compounds and before the development of the intermediate syndrome.
This was in agreement with authors [14] who confirmed in their study on OP intoxicated patients that serum CPK level is elevated even in the absence of intermediate syndrome presumably due to muscle fiber necrosis. Intermediate syndrome occurs in between the periods of acute and delayed OP toxicity. The majority of reported cases of intermediate syndrome occur in patients 24-96 hours after acute OP poisoning [7, 45] . Meanwhile authors [46] had linked the raised CPK levels to the rhabdomyolysis in -intermediate syndrome‖.
But authors [47] highlighted that muscle injury begins during the cholinergic crises and the severity of muscle injury is correlated to the severity of the cholinergic crises. The excess acetylcholine seen in OP poisoning leads to reversible myocyte injury and rise of different muscle enzymes, including CPK. The present work highlighted the importance of serial measurement of serum CPK levels, as it might be helpful in predicting as well as assessing the prognosis of patients with acute OP poisoning. As follow-up serum CPK levels measured in recovering patients without any complications during the therapy course showed a tendency to decrease. However who were severely poisoned and developed complications during the course of therapy, especially (seizures & acidosis), continued to remain elevated. This was in agreement with Sahjian and Frakes [48] who stated that if there is ongoing injury to the muscle due to development of complications, the CPK level continues to be elevated, since half-life of CPK is about 1.5 days; it normalizes within 5-6 days of a single insult to the muscle. [49] stated that CPK levels peak within 24 to 48 hours of the onset of muscle injury or rhabdomyolysis and then decline at the relatively constant rate of 39% of the previous day's value. The present study found that the initial serum CPK level is comparable for BChE level and can be used as an alternative biomarker in diagnosis of acute OP poisoning, provided that exclusion of any other diseases or conditions that may cause rise in CPK levels, these results were statistically significant (p < 0.05). This was in agreement with Perreault et al [50] who confirmed that when a skeletal muscle is injured, CPK leaks into the blood and urine. Serum CPK level remains the best biomarker for detecting and monitoring skeletal muscle damage and diseases. Also authors [14, 30] confirmed the elevation of serum CPK levels in acute OP poisoning, especially if the patient is severely poisoned, presumably due to muscle fiber necrosis. However, the main disadvantage of serum CPK as a biomarker for acute OP poisoning, its non-specificity. So, exclusion of other conditions and diseases that may cause its elevation in patients with acute OP poisoning is mandatory. Sniderman [52] stated that numerous factors have influence on CPK activity, so the suitability of CPK as a biomarker for diagnosis of muscle injury and disease should be viewed with caution. Also, researches [52, 53] illustrated that there are multiple causes of elevated CPK, which may affect its reliability as a biomarker. Also, further studies with greater number of patients and in other locations are required to support the present observations, since the present work was conducted on a relatively small number of patients, and in only one poisoning control unit, with most of cases were presented with mild OP toxicity, and CPK levels are commonly elevated in severely intoxicated patients.
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Conclusion:
In conclusion, the current study found that: 1. Serum CPK level can be used as an alternative biomarker in diagnosis or stratifying severity of acute OP poisoning, as it is cheap, easily available, especially in developing countries where EChE and BChE levels are not widely available in most laboratories. 2. Serial measurements of serum CPK levels in acute OP poisoning can predict the prognosis.
